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Clinical Interaction Between Grapefruit Juice and Cyclosporine:
Is There any Interest for the Hematologists?

To the Editor: maximize efficacy and minimize toxicity of CsA. So, we consider it useful to
. . .._report on the satisfactory effect of grapefruit juice on blood CsA concentra-
In the last few years a lot of reports dealt with pharmacokinetic . - - . )
) : ) ) tion and clinical outcome in four resistant, CsA-dependent, hematological
interactions leading to elevated cyclosporine (CsA) blood concentra- .

atients followed for 9 months.

tions. These interactions involve various drugs and food constituents? F tient 20 10 69 ith h tological i disord
including antibiotics, antifungal agents, calcium antagonists, dietary our patients (age .o ygars) w ema'oog|ca. Immune aisorders
lipids, and grapefruit juicé? Grapefruit juice has been shown to were treated: a female with autoimmune hemolytic anemia (AIHA), a female

significantly inhibit the gut wall cytochrome P 450 isoenzyme Cyp With idiopathic throbocytopenic purpura (ITP), a male with AIHAin chronic
3A4, which is important in metabolism of CSA. lymphocytic leukemia (CLL), and a male with severe aplastic anemia (AA).
The effect appears to be caused by the components of grapefruit juicdVith the exception of the AA patient, the other three patients were resistant to
naringin, naringenin, or other flavonoi#sThe bioavailability of conven- other immunosuppressive treatments and splenectomy, and the hematologi-
tional CsA is low, with variable adsorption, clearance, and distribution; cal remission was maintained with chronic administration of CsAfor 13 to 58
dosing, safe and effective use, and toxicity of the drug are still a matter ofnonths. Further details on these patients have been reported elséihere.
debate even though a better bioavailability has been observed with a nefyA patient was on CsAwith water treatment for 3 months. Four patients (two
CsA microemulsion formulatioh.Recently, a study was preserftesn ~ AIHA women, one ITP woman, one AA man; age 28 to 62 years) having
healthy adult volunteers, showing that coadministration of a defined dose d&sA only with water were followed for the same time as controls.
grapefruit juice could increase blood CsA concentration. A similar effect was  After informed consent, the grapefruit juice (250 mL) was coadministered
observed in renal transplant recipidrasd also in patients with autoimmune  orally with cyclosporine A capsules, outside the clinic. The drug daily dose (3
rheumatologic diseassiowever, it is still uncertain whether the effect of to 4 mg/kg to maintain the blood therapeutic values of 200 to 400 ng/mL)
grapefruit juice may be sustained over time and whether it may contribute tevas administered simultaneously with the juice, half in the morning and half
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in the evening. Two patients (with AIHA and AA) used commercially REFERENCES

available grapefruit juice and the others (with ITP and AIHACLL) a juice 1. Ptachinski RJ, Venkataramanam R, Burckart GJ: Clinical pharma-

obtained by a commercially qvallable seIf—;queezed grapefruit. . _cokinetics of cyclosporin. Clin Pharmacokinet 11:107, 1986
The CsA blood concentration was monitored every 2 weeks by Sandim- - .
mum-kit radioimmunoassay as well as blood pressure, glucose, serum 2. Hollander ADMJ, van Roojj J, Lenties EGWM, Arbouw F,
creatinine, serum glutamic oxaloacetic, and pyruvic transaminase and lactaf@" Bree JB, Schoemaker RQ ygn Es LA, van der Woude FJ, Cohen
dehydrogenase levels. In all patients treated with CsA plus grapefruit juice, F: The effept ‘?f grapefruit Jun.:e on u?yclosporln and predni-
after 2 weeks of treatment we noted a progressive increase of CsA bloogP€ Metabolism in transplant patients. Clin Pharmacol Ther 57:318,
concentration and an increase of hemoglobin (Hb) and platelet levels; we alsh?95
noted an increase in the white blood cell levels in the AA patient. 3. Lown KS, Bailey DG, Fontana RJ, Janardan SK, Adair CH,
This allowed a reduction of CsA doses, especially in ITP patient (Fig 1).Fortlage LA, Brown MB, Guo W, Watkins PB: Grapefruit juice
For all patients, the clinical outcome progressively improved (Fig 1). Neitherincreases felodipine oral availability in humans by decreasing intestinal
nephrotoxicity nor other side effects were observed. The ITP patient, witfCYP3A protein expression. J Clin Invest 99:2545, 1997
drug requiring, CsA-dependent hypertension was also able to withdraw the 4. Bailey DG, Arnold JMO, Spence JD: Grapefruit juice and drugs:
antihypertensive drugs. In the control patients treated with CsA with waterHow significant is the interaction? Clin Pharmacokinet 26:91, 1994
the hematological remission was maintained over time with full CsA doses 5. Edwards DJ, Bernier SM: Naringin and naringenin are not
and without any possibility of CsA dose reduction. the primary CYP3A inhibitors in grapefruit juice. Life Sci 59:1023,
Our data suggest that coadministration of CsA with grapefruit juice in 1996
drug-dependent hematological patients could increase CsA blood 6, Barone G, Bunke CM, Choc MG, Hirick DE, Klein JB, Marsh CL,
concentration and that the effect is sustained over time. This interactionyin pi, Pescovitz MD, Pollak R, Pruett TL, Stinson JB, Thompson JS,
if unmonitored, is potentially dangerous, increasing toxicity of CsA. On Wasguez E, Waid T, Wombolt DG, Whong RL: The safety and
the other hand it allows the reduction of daily required dose of drug,is|erapility of cyclosporine emulsion versus cyclosporine in a random-
improving the clinical outcome on .the whple with stablg fes‘_”ts and ized, double-blind comparison in primary renal allograft recipients.
without side effects, at least in patients with hematological d'sorders"rransplantation 61:968, 1996

Moreover, the reduction of drug dosage can cut its side effects, as in one 7. Yee GC, Stanley DL, Pessa LJ, Dalla Costa T, Beltz SE, Ruiz J,

of our pgtlents, gs well as the cost of treatment. . Lowenthal DT: Effect of grapefruit juice on blood cyclosporin concen-
We think that it would seem reasonable to warn the hematologists, th?ration Lancet 345:955. 1995

atients under long-term CsA treatment, and the pharmacists of this ;
P d P 8. Proppe D, Visser K, Bartels R, Hoch O, Meyer H, McLean

food-drug interaction. L ) e : .
AJ: Grapefruit juice selectively modifies cyclosporin A metabolite

Giovanni Emilia patterns in renal transplant patients. Clin Pharmacol Ther 59:138,
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Marcello Bertesi 9. loannides-Demos LL, Christophidis N, Ryan P, Angelis P, Liolios
Giovanna Gandini L, McLean AJ: Dosing implications of a clinical interaction be-
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Department of Medical Sciences 1997
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An Erythroid-Specific Exon Is Present in the Human Hexokinase Gene

To the Editor: esis that a true hexokinase isozyme may exist in humans, likely as a
product of an alternative splicing event. However, human erythrocytes

Human hexokinase type | (EC 2.7.1.1) is the predominant glucoseshow a multiplicity of forms that cannot be explained only on the bases

phosphorylating enzyme in red blood cells. By a number of mettiods  of two alternative hexokinase isoforrh§ Thus, the origin of hexoki-

has been proved, and is now widely accepted, that this enzyme is largelyase multiplicity remains at least in part to be determined.

heterogeneous and present in multiple molecular forms. Hexokinase Finally, we would like to note that expression of recombinant human

subtypes have similar kinetic properties but a different age-dependerfeyokinase type | lacking the porin-binding domain results in an

decay and a different intracellular distribution in reticulocytes. enzyme with normal kinetic and regulatory properties (Bianchi et al,
It is presently unknown if the multiple hexokinase subtypes refIECtsubmitted for publication). Thus, in cases of hexokinase mutations with

posttranslational modifications or different gene products. We previ- ltered enzymatic properties, the mutation must be searched for
ownstream of exon 1. This exon could instead confer stability to the

ously showed that, at least in human placenta, the heterogeneity 03
nzyme by favoring binding to intracellular organelles and be respon-

hexokinase type | is caused by the presence of truncate forms arising
ostsynthetically. . A L .
postsy y sible for enzyme defects with accelerated in vivo hexokinase decay.

In the February issue of BLOOD, Murakami and Pionfekiported

evidence for a red cell-specific hexokinase cDNA containing a unique Annamaria Ruzzo

sequence of 60 nucleotides at the beginning of the coding region. We Francesca Andreoni

have now identified this red cell-specific hexokinase sequence in the Mauro Magnani

human genome and found that it is located 3.1 kb upstream from the “G. Fornaini” Institute of Biological Chemistry
somatic exon 1 (GenBank accession humber AF016350). Determina- University of Urbino

tion of the splice-junction by direct sequencing confirmed the hypoth- Urbino, Italy
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